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[57] ABSTRACT

A reconfigurable keyboard (10) includes a base (12) and
a keyboard surface (14). The keyboard surface (14) has
a plurality of keys (48) disposed thereon. Each of the
keys (48) 1s associated with a key switch (34). An over-
lay (50) covers the key switches (34) that are not con-
nected to keys (48). In this manner, only select ones of
the key switches (34) are accessible. A CPU (78) con-
trols the operation of the keyboard (10) and has stored
therein key tables which define the function of each of
the accessible keys (48) on the keyboard panel (14). A
display (16) 1s provided for displaying messages which
are also stored.

35 Claims, 13 Drawing Figures
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1
RECONFIGURABLE KEYBOARD

TECHNICAL FIELD OF THE INVENTION

The present invention pertains in genéral to key-
‘boards for use with computers and the like and, more
- particularly, to a keyboard which has a reconfigurable

matrix for selecting both the function and location of

specific keys.

BACKGROUND OF THE INVENTION
Keyboards of various configurations are commonly

4,688,020
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used with various types of digital computers and other

electronic devices. The configurations of such key-
‘boards are generally governed by the specific applica-
tion in which they are used. Depending upon the appli-
cation, a keyboard may be as simple as a 10-key numeri-
cal keypad or as complex as a full function 117 key
keyboard. Each of these configurations is oriented
toward a particular class of users. For example, the
numerical keypad may be utilized i1n calculator type
applications oriented toward number manipulation,
whereas the full function keyboard may be used to
control a wide variety of desired functions. Alterna-
tively, some applications require a keyboard with more
keys than the minimum ten keys, but less than the full
function keyboard.

However, due to the expense of customizing a key-
- board, a user will often be required to utilize the full
function keyboard in an application where only a
smaller number of keys are required. For example, in

some industrial applications, only a certain number of

- keys may be required to perform the necessary func-
tions such as beginning operation, terminating operation
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and responding to prompt instructions. The number of 35

. keys required for such an industrial application may
range anywhere from one to fifteen or more, depending
~ upon the amount of control that an operator has over
the system. With present systems, the operator must be
provided a full function keyboard or a customized key-
board to perform these operations. If the full function
‘keyboard is utilized, the operator is provided with un-
- necessary keys, which may cause confusion. Although
such full function keyboards are relatively expensive,
they are often less expensive than a customized key-
board with a unique orientation of keys. - -
- Once a keyboard has been provided for a specific
application, the location of the keys on the keyboard is
usually predefined such that the operator is restricted to
one area of the keyboard for a given function, For ex-
ample, 1f an Arabic numeral 1s to be entered on a full
~function keyboard, a key will have to be selected from
~ the top row of keys which is normally allocated for that
function. This 1s the result of keyboard standardization
which dictates the location of the keys for a given func-
tion. Each of the keys has a predefined output which is
termed an ASCII character. A conventional computer

or processing system recognizes the ASCII codes and
performs the functions assoctated therewith. Most sys-

tems are geared towards recognizing a given ASCII
‘code as associated with a given numeral, letter or other
function. As a result of standardization, each of these
given numerals, letters or functions is located at a pre-
defined location.

To provide versatility for a given keyboard applica-
tion, some computer manufacturers have developed
software which recognizes a given key depression as a

“function key”’. That 1s, the ASCII code associated with
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a given key causes the software of a given system to
enter 1into a specified subroutine. The subroutine defines
the function and 1s activated in response to the key
depression and the corresponding output of the particu-
lar ASCII code. These function keys are provided to
allow an operator to arbitrarily execute a desired special

function with only a single depression of the key. Con-

ventionally, these function keys are usually located at a
predefined location on the keyboard, which location is
not alterable. This i1s a disadvantage in that a user cannot
define a particular key at a particular location to exe-
cute a given function, although the particular location
would be advantageous for the situation.

The computer which interfaces with a keyboard pos-
sesses a command language to allow it to interface with
the keyboard or any other peripheral device. The stan-
dard command language utilizes the ASCII characters
which are stored 1n a table and correspond to particular
functions. For example, depression of the key for the
letter “A” outputs an ASCII character having a prede-
termined value. This value 1s looked up in the table and
the appropriate function performed, such as displaying
an “A”. By reprogramming the computer, the ASCII
character can correspond to a different function. How-
ever, this 1s undesirable as the look up table for the
ASCII character or other command languages are sel-
dom accessible, and, for closed code systems, are never
available.

In view of the above disadvantages with standardized
keyboards, there exists a need for a reconfigurable key-
board in which various functions can be associated with
given keys at select key locations and these functions
output to correspond to the command language of a
given host device. In addition, it is desirable that the
number of keys provided on a keyboard and the loca-
tion thereof can be easily and inexpensively altered at
the discretion of the user.

SUMMARY OF THE INVENTION

The present invention disclosed and claimed herein
comprises a reconfigurable keyboard which includes a
keyboard matrix of predefined locations. A switch
mechanism i1s provided for allowing selection of each of
the predefined key locations. The location of the se-
lected one of the predefined locations is then deter-
mined relative to the other key locations. A plurality of
key tables are stored in a memory device, each of the
key tables containing a unique set of information to
define the nature or function of each of the key loca-
tions. One of the key tables is selected to govern the
keyboard and define the nature of each of the predeter-
mined key locations such that selection of a key location
corresponds to the set of unique information in the key
table. A signal 1s then output from the keyboard as a
function of both the selected key location and the nature
of the that key location stored in the key table. By se-
lecting another key table, the keyboard can be recon-
figured.

In yet another embodiment of the present invention,
the reconfigurable keyboard has a memory provided for
storing a plurality of messages in a message table. Each
of the messages in the message table is associated with
key location information in a given key table Therefore,
the message 1s defined by the nature of a select one of
the key locations as defined in the governing one of the
key tables. After selection of the message, it is displayed
on a display proximate to the keyboard.
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In yet another embodiment of the present invention,
access to select ones of the key tables 1s inhibited until
an access sequence is initiated. Upon.initiation of the
access sequence, a sequence of selected key locations
selected by the keys is stored. As these keys are se-
lected, a counter counts the number of keys. After a
predetermined number of key selections are counted,
the stored sequence is compared with a predetermined
pattern or sequence and access is permitted when a
valid comparison 1s made.

In a further embodiment of the present invention, a
given key location has the access thereto inhibited. In
order to access this given key, the key location 1s se-
lected and followed by a selection of a sequence of key
locations. After a predetermined number of key loca-
tions has been accessed, the selected sequence 1s com-
pared with a predetermined pattern and, if a valid com-
parison is made, access is permitted to the key.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention and the advantages thereof, reference 1s now
made to the following description taken in conjunction
with the accompanying Drawings in which:

FIG. 1 illustrates a perspective view of the reconfigu-
rable keyboard in accordance with present invention;

FIG. 2 illustrates an exploded view of one corner
section of the reconfigurable keyboard;

FIG. 3 illustrates a cross-sectional view taken along

-~ lines 3—3 of FIG. 1,

- FIG. 4 illustrates a cross-sectional view of an ac-
- cessed key adjacent a nonaccessed key;
- FIG. 5 illustrates the physical selection of a given key
location;
FIG. 6 illustrates a block diagram of the system in

accordance with .the present invention;
- FIGS. 7a-7d illustrate a schematic of the CPU in
- .accordance with the present invention;
. FIG. 8 1illustrates a flow chart for the main program;
. FIG. 9 illustrates a flow chart for the sequence sub-
-2 routine; and

- FIG. 10 illustrates a flow chart for the mode subrou-
tine.

- DETAILED DESCRIPTION OF THE
INVENTION

Referring now to FIG. 1, there is illustrated a per-

spective view of a reconfigurable keyboard 10 in accor-

dance with the present invention. The reconfigurable
keyboard 10 includes a base 12 for disposal on a work
surface. The base 12 has a planar surface which is tilted
upward at an angle to the work surface and has a key
panel 14 disposed thereon. The key panel 14 has a plu-
rality of keys disposed thereon in various groups. A
display 16 is disposed on the upper planar surface of the
base 12 and oriented to facilitate viewing by the key
operator.

The keys on the key panel 14 are oriented in func-
tional groups in the embodiment illustrated in FIG. 1.
As will be described hereinbelow in more detail, the
arrangement of the keys in the functional groups and
~ the functions thereof are determined by the user. A
functional group 18 is provided for alphanumeric ma-
nipulations and has keys provided for the Arabic nu-
merals 0-9. A group of functional keys 20 1s disposed on
the periphery of the key panel 14, which keys are opera-
ble to input various standard functions. A group of
display keys 22 are disposed beneath the display 16 to

10

15

20

A

30

35

40

45

50

33

60

65

4

manipulate the display 16. A Clear key 24 1s disposed on
one side of the display 16 and a Print key 26 1s disposed
on the opposite side of the display 16. A Reset key 28 is
disposed on one of the peripheral corners of the key
panel 14 for resetting the system and a group of ON/-
OFF control keys are disposed on the opposite side of
the key panel 14 from the alphanumeric keys 18. In
addition to these functional groups, various other func-
tional groups and/or keys are included on the key panel
14. As will be described hereinbelow, the configuration
of the functional groups tllustrated in FIG. 1 1s only one
of many configurations that can be incorporated into
the reconfigurable keyboard 10 of the present invention.
Although not illustrated, the reconfigurable keyboard
10 is connected to a host computer or other device
through a cable 32. Once configured, the keyboard 10 1s
then operable to output information to the host com-
puter for interaction therewith.

Referring now to FIG. 2, there 1s illustrated an ex-
ploded view of the key panal 14 of F1G. 1 with only the
portion containing the functional group 18 illustrated,
wherein like numerals refer to like parts in the various
FIGURES. A plurality of plunger-type key switches 34
are disposed on a switch membrane (not shown) on the
base 12. The switches 34 are located by a locating grid
36. The grid 36 has a plurality of orifices 38 disposed
therein which are arranged in a matrix configuration.
As will be described hereinbelow, the switch membrane
that underlies the switches 34 is comprised of a plurality
of X-conductors and a plurality of Y-conductors. Each
of the switches 34, when activated, connects one of the
Y-conductors with one of the X-conductors such that a
conductive path is completed. By scanning the X- and
Y-conductors, the activated switch can be detected.

A key grid 40 is disposed over the locating grid 36
and suspended therefrom about the periphery of the
base 12 such that the tops of each of the key switches 34
are proximate the surface thereof. The key grid 40 has a
plurality of rectangular orifices disposed therein and
centered directly above each of the orifices 38. The
rectangular orifices are divided into single rectangular
orifices 42 for allowing access to individual ones of the
key switches 34 and a double width rectangular orifice
44 for allowing access to two of the key switches 34 at
a time. The rectangular orifices 44, in the preferred
embodiment, are located on one side of the key panel 14
and are operable to form the function group 20.

Each of the key switches 34 is either covered by a
protective cap 46 or connected to a key 48 which allows
an operator to activate the key switch 34. The protec-
tive cap 46 is dimensional to correspond to the rectan-
gular orifices 42 and, when in place, the upper surface
thereof is coplaner with the upper surface of the key
grid 40.

An overlay panel 50 is disposed on the upper surface
of the key grid 40 and adhesively secured thereto. The
overlay panel 50 i1s fabricated from a polycarbonate
material which is flexible. The surface of the overlay
panel 50 has a plurality of cuts formed therein. Each of
the cuts is disposed along the perimeter of each of the
rectangular orifices 42 and 44 on the key grid 40. The
cuts are disposed such that the portion covering the
rectangular orifices 42 and 44 can be removed to allow
one of the keys 48 to be disposed therethrough.

In the embodiment illustrated in FIG. 2, the keys 48
are insertable through orifices 52 in the overlay panel 50
which are formed by removing that portion of the over-
lay panel 50 covering the rectangular orifices 42 and 44.
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For those of the key switches 34 covered by one of the
- caps 46, the adjacent portion of the overlay panel 50

remains in contact and 1s adhesively secured to the tops

of caps 46.

In the fabrication of the overlay panel §0, each of the
.potentlal orifices 52 is defined by two parallel cuts 54
—-and two parallel cuts 56, the cuts 56 being perpendicular
to the parallel cuts 54. The ends of the cuts 56 do not
intersect with the ends of the cuts 54 such that a small
tab 1s formed therebetween. The cuts 54 and 56 provide

a boundary for one of the rectangular orifices 42 and 44.

- As will be described hereinbelow, the portion of the
overlay panel 50 bounded by the cuts 54 and 56 can be
selectively removed. Since the overlay panel §0 is adhe-
“sively secured to both the key grid 40 and the protective
caps 46, removal of the bounded portion aiso results in
- removal of the protective caps 46 disposed directly
thereunder. This will be described in more detail herein-
below. |
Referring now to FIG. 3, there is illustrated a cross-
sectional view of the keyboard 10 taken along lines 3—3
1n FIG. 1, wherein like numerals refer to like parts in the

various FIGURES. Each of the key switches 34 is held

10

15

20

at a specific location, as described above, by the loca- -

tion matrix 36. The bottom of the key switches 34 are in

contact with a key switch membrane 58 which, as de-
. scribed above, is comprised of a plurality of X- and
Y -conductors. The entire assembly 1s attached to a CPU
housing 60 which houses the electronic circuitry that
controls and reconfigures the keyboard 10, as will be
“described hereinbelow. When not utilized, the key
switches 34 that are covered by the caps 46 are also

25

30

covered by the overlay panel 50 such that both access
to the key switch 34 is inhibited and the protected caps

46 are kept out of view.

Referring now to FIG. 4, there 1s illustrated a cross-
sectional diagram of two key switches 34, one of which

35

is interfaced with a key 48 and one of which is covered
by one of the protective caps 46. Like numerals refer to |

like parts in the various FIGURES. Each of the key
-switches 34 1s comprised of a plunger 62 which recipro-
cates within a cylindrical housing 64. The plunger 62 is

40

6

the left side of the protective cap 46 and the letter R is
disposed on the right side thereof. In this manner, an
operator 1s aware that the left side of the protective cap
that 1s covered with the overlay panel 50 has a recess
therein. Since the cuts 1in the surface of the overlay
panel 50 are visible, an operator need only insert the tip
of the screwdriver 74 through the left side of the por-
tion 76 to facilitate removal thereof. The cap 46 can
then be removed and stored until the keyboard 10 is
reconfigured and different positions for the keys are
determined.

Referring now to FIG. 6, there is illustrated a block
diagram of the control system of the present invention
which i1s housed in the CPU housing 60. A central pro-
cessing unit (CPU) 78 is interfaced with the display 16
for control thereof. A Random Access Memory (RAM)
80, a Read Only Memory (ROM) 82, and an Electri-
cally Erasable Read Only Memory (EEROM) 84 are
also Interfaced with the CPU 78 to provide a memory
base therefor. As described above, the switch mem-
brane 58 1s comprised of a plurality of X- and Y-conduc-
tors which form a matrix 86. The X-conductors of the

matrix are interfaced with a decoder 88 and the Y-con-
ductors thereof are also interfaced with the decoder 88.

The decoder 88 is then interfaced between the matrix 86
and the CPU 78. The CPU 78 is interfaced with an
interface module 90 through an Input/Output (1/0)
circuit 92. The interface module 90 is operable to inter-
face the CPU 78 between either a development console
94 or a host computer 96. The operation of the develop-
ment console 94 will be described in more detail herein-
below. |

The host computer 96 possesses a command language
that allows it to interface with the outside world. This

command language recognizes commands such as
ASCII characters, PAUSE and RESET. The keyboard

10 1s operable to sense a key location, determine the
associated function of the selected key locations and

then output a command that is recognizable by the host

- computer 96. These commands may be as simple as the

~ output of a single ASCII character or a more complex

supported upwards by a spring 66 which is disposed

between the end of the plunger 62 and a spring type
‘membrane 68. The spring membrane 68 contacts the
switch membrane 58 upon depression of the plunger 62
to make contact between one of the X-conductors and
one of the Y-conductors on the switch membrane 58.

- Referring now to FIG. 5, there is illustrated a cross--

~sectional diagram of one of the protective caps 46 and
- the procedure of removal thereof. Each of the protec-

435

50

tive caps 46 has a recess 72 formed in one of the upper

edges thereof. This recess 72 is functional to receive the

end of a screwdriver 74 or similar device to allow pry-
“ing thereof. To remove one of the key caps 46, a screw-

- driver 74 has the tip thereof inserted into the cut in the

overlay panel 50 that is adjacent the side of the protec-

tive cap 46 on which the recess 72 is formed. The tip of

the screwdriver 74 is placed into the recess 72 and the
protective cap 46 pried up and removed. A portion 76
of the overlay panel 50 that is attached to the top of the
protective cap 46 1s also removed therewith. In this

35

60

manner, the protective cap 46 can be replaced with the '

_portion 76 of the overlay panel 50 intact.

In order to ensure that the recess 72 is properly ori-
ented, some form of labeling is applied to the top

thereof such that the orientation can be distinguished.

‘In the preferred embodiment, the letter L is disposed on

65

string of ASCII characters. For example, some com-

‘puter systems are dedicated to word processing tasks

and restrict the operator to a predefined library of func-
tions. These systems are “closed code’ systems and are
not readily customized. Therefore, functions that re-
quire four or five key depressions to achieve a given
character cannot be changed. By utilizing the recon-
figurable keyboard 10 of the present invention, a single
key at a desired location can be programmed to output
the desired command or sequence of commands to per-
form the desired function. In this manner, a user can
“customize” the keyboard 10 without having to alter
the software 1n the host computer 96.

Referring now to FIGS. 7a-7d, there are illustrated

~schematic diagrams of the system block diagram of

FIG. 6. Referring particularly to FIG. 74, a micro-
processor 100 has the address outputs A8-A15 con-
nected to an address bus 102 and the address/data out-
puts ADO-AD7 connected to an address/data bus 104.
The microprocessor 100 is of the type 8085 manufac-
tured by Intel Corp. The address/data bus 104 has the

address lines AD0O-AD7 connected to the D-inputs of
an octal D-type latch 106. The Q outputs of the octal
latch 106 are labeled LA0O-LLA7 and are connected to a

" latched address bus 108. The enable input of the octal .

latch 106 1s connected to the ALE output of the micro-
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processor 100. The octal latch 106 is of the type

741.S373 manufactured by Texas Instruments, Inc.

The latched address lines LAO-LLA7 on the latched
address bus 108 are connected to the address inputs
A0-A7 of a Read Only Memory (ROM) 110, the 5
A0-A7 inputs of a Random Access Memory (RAM)
112 and the A0-A7 inputs of an Electronically Erasable
Read Only Memory (EEROM) 114. The address mputs
A8-A12 of the ROM 110 are connected to the address
lines A8-A12 of the address bus 102, the address mnputs 10
A8, A9, A10 and A12 of the RAM 112 are connected to
the corresponding address lines of the address bus 102
and the address inputs A8, A9, A10 and Al12 of the
EEROM 114 are connected to the corresponding ad-
dress lines of the address bus 102. The ROM 110 is of 15
the type 27128 manufactured by Intel Corp., the RAM
112 is of the type HM6116 manufactured by Hitachi and
the EEROM 114 is of the type X2816 manufactured by
Xicor. However, similar devices may be utilized 1n the
present invention. 20

The READ input of the ROM 110 is connected to the
- RD output of the microprocessor for control thereof.
To control the RAM 112, the read input thereof is con-
nected to the RD output of the microprocessor 100 and
the WRITE/ENABLE input of the RAM 112 1s con- 25
nected to the WE output of the microprocessor 100.
The EEROM 114 has the READ input thereof con-
nected to the RD signal from the microprocessor 100
and the WRITE input thereof connected to the output
--of an OR gate 116. One input of the OR gate 116 1s 30
-»connected to the right enable signal WE output by the

microprocessor 100 and the other input thereof 1s con-
nected to an external program select signal PRGSEL to
allow the information to be written to the EEROM 114.

The data outputs D0-D7 from the ROM 110 are 35

connected to the address lines AD0O-AD7 of the ad-
. dress/data bus 104, the data output lines D0-D7 of the
RAM 112 are connected to the data lines AD0-AD7 of
-the address/data bus 104 and the data outputs D0-D7
::on the EEROM 114 are connected to the data lines 40
= AD0-AD7 of the address/data bus 104. A 3-to-8 de-
~.coder 118 has the A, B, and C inputs thereof connected
to the address lines A12, A13 and A14 from the address
bus 102 and the YO0 output thereof connectéd to the
ENABLE input of the EEROM 114, the Y1 output 45
thereof connected to the ENABLE input of the RAM
112 and the Y2 output thereof connected to the EN-
ABLE input of the ROM 110. The decoder 118 is oper-
able to provide chip select signals such that only one of
the memory devices 110-114 is activated at any given 50
time. Therefore, data can be written to or read from the
RAM 112, read from the ROM 110 or read from the
EEROM 114. To program the EEROM 114, data is
input thereto from the development console 94, as will
be described hereinbelow. | 55
Referring now to FIG. 7b, there is illustrated a sche-
matic diagram of the keyboard scanning circuit. A 3-to-
8 decoder 120 has the A, B and C inputs thereof con-
nected to the LAQ, LA1 and LA2 data lines of the
latched address bus 108, the ENABLE inputs thereof 60
connected to the CS4 output from the decoder 118 1n
FIG. 7a and to the A10 address output of the address
bus 102. The decoded outputs from the decoder 120
provide output signals for control of the various func-
tions of the circuit, as will be described hereinbelow. A 65
3-t0-8 decoder 122 has the A, B and C inputs connected
to the LAO, LA1 and L.A2 data lines from the latched
address bus 108. One of the ENABLE inputs of the

8

decoder 122 is connected to the F800 signal output on
the YO output of the decoder 120 and the remaining
ENABLE mput connected to the RD signal output
from the microprocessor 100. The decoder 122 1s the
““Read” decoder that provides a signal indicating that
the key data on the keyboard is to be read. An octal
3-state line driver 124 has the eight inputs thereof con-
nected to corresponding ones of the output coordinates
of the matrix 86. The output matrix signals are labeled
KBD0-KBD7. The Y outputs of the line driver 124 are
connected to the ADO-AD7 data lines of the address-
/data bus 104. The line driver 124 is of the type
741.S244 manufactured by Texas Instruments, Inc.

An octel D-type flip flop 126 has the initial five D-
inputs thereof connected to the AD0-AD4 data lines of
the address/data bus 104. The Q outputs of the flip flop
126 provide scanning information and are labeled
SCANO-SCAN4. The SCANO output of the flip flop
126 is connected to the A inputs of BCD-to-decimal
decoders 128, 130 and 132. The SCANI output signal 1s
connected to the B inputs of the decoders 128-132 and
the SCAN 2 signal is connected to C inputs of the de-
coders 128-132. The SCAN3 and SCAN4 output sig-
nals from the flip flop 126 are input to a 2-to-4 line
decoder 134. The YO output of the decoder 134 1s con-
nected to the D input of the flip flop 188, the Y1 output
of the decoder 134 is connected to the D input of the
decoder 130 and the Y2 output of the decoder 134 is
connected to the D input of the decoder 132. The de-
coders 128-132 are of the type 74L.S145 and the de-
coder 134 is of the type 74L.S139, all manufactured by
Texas Instruments, Inc.

The outputs of the decoder 128 are labeled ROW-
0-ROW?7, the outputs of the decoder 130 are labeled
ROWS8-ROWF and the outputs of the decoder 132 are
labeled ROW10-ROWI15. Therefore, there are 22 out-
puts provided that are output to the other coordinate of
the matrix 86. By scanning through each of the ROW
outputs of the decoders 128-132 and monitoring the
outputs from the. other coordinates labeled
KBDO0-KBD7 with the line driver 124, the activated
key can be determined.

In order to activate the scan cycle of the flip flop 126,
a decoder 136 provides an output from the Y3 output
thereof labeled F803WR to the ENABLE input
thereof. The decoder 136 has one of the ENABLE
inputs thereof connected to the YO0 output of the de-
coder 120 and the other ENABLE input thereof con-
nected to the WRITE/ENABLE signal WE that 1s
output from the microprocessor 100. The A, B and C
inputs are connected to the latched address outputs
1LAO, LA1 and ILA2 of the latched address bus 108.

Referring now FIG. 7¢, there is illustrated a sche-
matic diagram of the display circuit for displaying a
message on the display 16. An octal D-type flip flop 138
has the D-inputs thereof connected to the AD0-AD7
data lines of the address/data bus 104 and the ENABLE
input thereof connected to the Y1 output of the decoder
136 that is labeled F801WR An octal D-type flip flop
140 has the D-inputs thereof connected to the AD-
0-AD?7 data lines of the address/data bus 104 and the
ENABLE input thereof connected to the Y0 output of
the decoder 136 that is labeled F800WR. The Q outputs
of the flip flop 138 corresponding to the ADO-AD®6
data lines, comprise the data that is supplied to the
LEDs on the display 16 and are labeled LEDD-
BO0-LEDDBS6. The Q output corresponding to the AD7
input is labeled LEDWR and is the WRITE signal for
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the LED. The Q outputs of the flip flop 140 correspond-
ing to the ADO-AD2 mputs are the LED CURSOR,
- BLANKING and CLEAR signals, respectively, and
 are labeled LEDCUR, LEDBLK, and LEDCLR. The
Q outputs of the flip flop 140 corresponding to the AD6
and AD7 inputs are labeled LEDAI] and LEDAO and
provide binary numbers for picking the particular one
of the segments, of which there are four. The Q outputs
of the flip flop 140 corresponding to the AD3-AD5
inputs are input to the A, B and C inputs of a 3-to-8
“decoder 142. The outputs YO0-Y4 are labeled LED-
0-LED4 and correspond to the particular device se-
lected of which there are five. Therefore, one of five
devices can be selected with the decoder 142 and one of
four segments in each device can be selected and then
data input thereto through the flip flop 138.

Referring now to FIG. 74, there 1s illustrated a sche-
matic diagram of the interface for inputting or transmit-
ting data to an external source such as the host com-
“puter 96 or the development console 94. The data re-
ceived for transmission on an RS232 bus 1s labeled RXD
and 1s input to an inverter 144. The output of the in-
verter 144 1s labeled RX 232 and is input to one input of

a two line to one line data selector 146. The two inputs
for RX422 operation are labeled 422RX+ and

- 422RX — and are input to two inputs of a receiver 148.

The output of the receiver 148 1s labeled RX422 and 1s
input to the other input of the data selector 146. The
-output of the data selector 146 is labeled RXD. The
- SELECT input of the data selector 146 is connected to
~an SEL 232/422 signal which is input from an external
source such as a switch. A DSR signal is input to an
inverter 150, the output of which is labeled DSR. A

DXR signal i1s input to an inverter 152, the output of

which is labeled DXR. The RXD, DXR and CTS sig-
nals are input to the corresponding inputs of a Universal
Asynchronous Receiver/Transmitter (UART) 154.
The UART 154 is also connected to the WE signal, the
RD signal, the RST signal and the CLK signal output

- lIine from the latched address bus 108 is connected to the

-~ UART 134. UART 154 is connected to the output of
- the decoder 120 on the Y1 output thereof labeled F808.

3
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“the CPU looking up the nature of the key in a key table

and then outputting an ASCII character in response to
the data contained at the location in the key table corre-
sponding to that key. Each key table has a dedicated
memory location for association with each of the keys
on the keyboard. If the key has no function, then the
nature of the key i1s so defined at this memory location.
Therefore, depression of a key with no defined nature

results in no output or the display of a message indicat-

ing that this key 1s inactive. In the preferred embodi-
ment, keys that do not have a defined nature are inac-
cessible by the operator.

A number of key tables can be provided depending

upon the address capability of the CPU 78 and the
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amount of memory available. In the preferred embodi-
ment, 255 key tables can be stored with selection of any
of the key tables defining the specific nature of all of the
key locations on the keyboard. Depending upon the
application, the accessible number of keys can be varied
in order to “‘customize” the keyboard.

In addition to the key tables being stored in memory,
a message table 1s also stored therein. The message table
1s a portion of the memory in which up to 255 messages
can be stored. However, additional message tables can
be provided. For example, a message such as “Enter ID
Number” can be stored in the message table n a specific
location. This specific location is then associated with
the nature of one of the key locations in a given key
table. Depression of the key at this location causes the
CPU 78 to look up the nature of the key location in the
key table that “governs” the keyboard and then select a

- message from the message table 1n response to the “mes-

35

-~ by the microprocessor 100. In addition, the 1LA0Q data 40

The data outputs D0-D7 of the UART 154 are con-

nected to the address/data bus 104 for input and output
of data therefrom. In order to receive information with
the UART 154, the appropriate signals are supplied and
the output of the data select 144 input thereto. On trans-
~ mission, data is output on the DTR, DTXD or the RTS
outputs thereof. For RS422 operation, the TXD and
RTS outputs are utilized and they are input to a 422
transmit circuit 156. The outputs of the transmit circuit
156 are labeled 422RX + and 422RX —. The receiver
148 for the RX422 operation is of the type 2261.S32 and
the transmitter 156 is of the type 261S31. The UART
154 1s of the type 8251. With the circuit of FIG. 74, data
can be effectively received or transmitted to an external
source that is appropriately interfaced with either
RS§422 or RS232 interface boards. |

The operation of the system will now be described in
more detail. Each of the keys on the keyboard 10 has a
predetermined location which can be coded by the
decoder 88 for input to the CPU 78. In order to define
the “nature” of each of the keys, a key table must be
predefined by the operator and stored in a given loca-

tion in system memory. For example, a given key may

have a relatively straightforward nature such as an
ASCII function wherein selection of that key results in

435
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sage nature” of the key and display 1t on the display 16.
The operation of the message table will be described in
more detail hereinbelow.

There are a number of different key *“classifications”
for the natures of the given key locations as defined by
the governing key table. These are “predefined” keys,
“special function” keys and “ASCII code” keys. The
“predefined” keys are of the type that output standard

-functions such as CLEAR, ACKNOWLEDGE, and

RESET. The “special function” keys pass operation of -
the system on to a subroutine, such as that required to
retrieve a message from the message table and display it
on the display 16. The ASCII key is the most general of
key types and simply outputs an ASCII code In a snmlar
manner to a standard keyboard. |

Referring now to FIG. 8, there 1s illustrated a flow
chart for the operation of the main program for the
keyboard 10 in accordance with the present invention.
The flow chart 1s initiated at a START block 164 and
then proceeds to a decision block 166. The decision
block 166 determines whether a key 1s depressed. The
program proceeds around the “N” path from the deci-
sion block 166 back to the input thereof until a key is
depressed. During this time, the keyboard is continually

- scanned and no data is output until a key is depressed.

60

65

Upon depression of a key, the program flows along the
“Y” path from the decision block 166 to the tnput of a
function block 168 to look up the key in the key table.
This is the operation by which the key is decoded and
the location thereof determined and then the stored

nature of this key location, as defined by the governing

one of the key tables, is fetched.

After fetching the nature of the key from the govern-
ing one of the key tables, the program proceeds to the
input of a decision block 170 to determine whether the
key i1s a “predefined” key. If the key is a “predefined”
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key, the program flows along the “Y” path to a function
block 172 to execute the “predefined” key function and
an appropriate command is output to the host computer
96. The program then flows back to the input of the
decision block 166 to again determine whether a key 1s
depressed.

If the nature of the depressed key as defined in the
key table is not that of a “predefined” key, the program
flows from the decision block 170 along the “N” path
thereof to the input of a decision block 172 to determine
whether the depressed key is defined as a “special func-
tion” key. If it is not a *‘special function” key, the pro-
gram flows along the “N” path to a function biock 174
to output a corresponding ASCII code. As defined
above, if the key is not a “predefined” key, or a “special
function” key, then it must be an ASCII key. After
outputting the corresponding ASCII code, the program
flows from the function block 174 back to the input of
the decision block 166 to scan the keyboard.

If the depressed key is defined in the key table as a
“special function” key, the program flows from the
decision block 172 along the “Y” path thereof to vari-
ous decision blocks that represent subroutines for “spe-
cial functions”. These special functions are “Message”,
“Mode”, “Sequence” and “Repeat”. The operation of
each of these keys will be defined with reference to the
particular subroutine hereinbelow.

The flow chart flows from the decision block 172
along the “Y” path thereof to the input of a decision
~block 178 to determine if the depressed key 1s defined as
-.a Message key. If the depressed key 1s a Message key,
=:the program flows along the “Y” path from the decision

~block 178 to the input of a function block 180 to look up
the message in the message table and display this mes-
sage. If the depressed key is not a Message key, the

program flows along the “N” path from the decision
~block 178 to the input of a decision block 182. The
-.output of the function block 180 also flows to the input
- of the decision block 182. The decision block 182 deter-
...mines whether the depressed key is a Mode key. If the
~depressed key is not a Mode key, the program proceeds
-.along the “N” path to the input of a decision block 184
and, if the depressed key is defined as a Mode key, the
program flows along the “Y” path thereof to the input
of a function block 186. The function block 186 trans-
fers the program to a subroutine illustrated i FIG. 10.
After execution of the function defined by the subrou-
tine, the program proceeds back to the input of the
decision block 184.
- The decision block 184 determines whether the de-
pressed key is defined as a Sequence key. If the de-
pressed key is not defined as a Sequence key, the pro-
gram flows along the “N” path thereof to the input of a
decision block 188 and, if the depressed key 1s defined as
a Sequence key, the program flows along the “Y” path
thereof to the input of a function block 190. The func-
tion block 190 transfers the program to a subroutine, as
defined hereinbelow with reference to FIG. 9. The
subroutine of FIG. 9 returns to the function block 190
and flows to the input of the decision block 188. The
decision block 188 determines whether the depressed
key is defined as a Repeat key.

If the key is not defined as a Repeat key, the program
flows along the “N” path thereof back to the input of
the decision block 166. If, however, the depressed key is
defined as a Repeat key, the program flows along the
“Y”’ path thereof to the input of a function block 192 to
execute the key function. This key function may be an
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ASCII code. After execution of the key function in the
function block 192, the program flows to the input of a
decision block 194 to determine if the key is still de-
pressed. If the key is still depressed, the program flows
along the “Y” path thereof to a function block 196 to
return to the function block 192 and repeat the function.
The function block 196 delays the return to the execute
key function such that the loop from the output of the
function block 192 to the decision block 194 and the
function block 196 has a defined rate of repetition. This
rate is predefined by the user. If the key is not depressed
at the decision block 194, the program flows along the
“N” path thereof back to the input of the decision block
166 to scan for the next depressed key.

Referring now to FIG. 9, there is illustrated a flow
chart for the Sequence key subroutine defined by the
function block 190. The Sequence subroutine is entered
in a START block 198 and proceeds to a function biock
200 to set a key counter equal to zero. The program
then flows to the input of a decision block 202 to deter-
mine if a key is depressed. If a key is not depressed, the
program returns back to the input thereof along the
“N™ path thereof and, if the key is depressed, the pro-
gram flows to the input of a function block 204.

The function block 204 stores the key location of the
depressed key and then the program flows to a function
block 206 to increment the key counter. The program
then flows to a dectision block 208 to determine whether
the key counter is at maximum count. This maximum
count is a predefined number. If the predefined number
of key counts is not present, the program returns along
the “N” path thereof to the input of the decision biock
202 to await the next depressed key.

When the maximum count is achieved, the program
flows from the decision block 208 to the input of the
function block 210. The function block 210 compares
the stored key locations with a prestored key location
sequence. The number of key locations in the prestored
key location sequence does not necessarily equal the
total number of keys depressed. For example, a pre-
stored key location may require four adjacent keys 1 a
given row to be sequentially depressed from left to
right. However, the maximum count may be as many as
10 keys. In this manner, a larger degree of difficulty
would be encountered in trying to guess the key se-
quence since the possible combinations for a 10 key
sequence are much larger than that for a four key se-
quence. This will be described further hereinbelow.

The program then flows to a decision block 212 to
determine if the stored key locations correlate with the
prestored sequence. If so, the program flows along the
“Y” path thereof to a function block 214 to execute the
function corresponding to the depressed key sequence
and output a corresponding command to the host com-
puter 96. This function can be as simple as outputting an
ASCII code or a sequence of ASCII codes. After exe-
cuting the function, the program flows to a return block
216 to return to the main program. If there is no correla-
tion, the program flows along the “N” path from the
decision block 212 to the input of a function block 218.
The function block 218 displays a fault message and
then flows to the input of the return block 216. The fault
message may be such as “Improper Sequence Input -
Try Again™.

In operation, the sequence subroutine 1s operable to
protect the operation of a given key. For example, a
given key may be designated as an ‘“Execute” key.
However, the nature of the key defined in the key table
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. defines this key as a sequence key. By-so doing, an
. operator 1s required to depress the Execute key and
~ then depress, for example, four keys in a predetermined

sequence thereafter to perform an Execute function.
This Execute function will not be performed until the
proper sequence is entered after depression of a key.
Referring now to FIG. 10, there is illustrated a flow
chart for the Mode subroutine of function block 186.
The Mode subroutine is initiated at a start block 220 and

flows to a decision block 222. The decision block 222

determines whether the mode defined by the Mode key

is ‘a password mode or a key table select mode. The

password mode, as will be defined heremnbelow, is a

S

10

mode in which the key table is reconfigured after an

appropriate password is input. The key table select
mode is a mode wherein the operator can select a given
key table to reconfigure the keyboard.

15

If the password mode is selected, the program flows '

from the decision block 222 along the “Y” path thereof
to the input of function block 224 to set the key counter
equal to zero. The program then flows to the input of a
decision block 226 to determine if the key 1s depressed.
Until a key is depressed, the program flows along the

© “N” path thereof back to the input. When a key is de-

pressed, the program flows along the *Y” path to a

- function block 228 to store the key location and then to
- a function block 230 to increment a key counter. The
- program then flows to a decision block 232 to determine
if the key counter is equal to the maximum count, a
prestored number. If the key counter 1s not equal to the

maximum count, the program proceeds back to the
input of the decision block 226 to await another de-
pressed key. |

When the maximum count has been achieved, the
program flows along the “Y” path from the decision
block 232 to a function block 234 to compare the stored
key locations and the input sequence thereof with a
prestored key location sequence. This is very similar to
the sequence routine. The program then proceeds to a
decision block 236 to determine if the stored key loca-

=+ tions and the sequence with which they were stored

- correlate with the prestored key location sequence. If

- so, the program flows along the “Y” path to a function

block 238 and a key table is selected corresponding to
the password key locations input thereto. The keyboard
is then reconfigured according to the selected key table.

- The program then flows to a return block 240 and re-

turns to the main program. If there i1s no correlation, the
program proceeds from the decision block 236 along

~ the “N” path thereof to a function block 242 to display
~ a fault message and then to the return block 240. Al-

though not illustrated, the password or the stored key

- locations can be compared with more than one pre-

stored key location sequence. Depending upon which
of the prestored key location sequences that the input

- key sequence correlates with, a different key table can

be selected. In this manner, more than one protected
key table can be provided.
In the key table select mode, the program flows from

- the decision block 222 along the “N”’ path thereof to the
~ input of a decision block 244 to determine whether the
- select mode 1s activated. If the select mode is not acti-
vated, the program proceeds along the “N” path to a
" function block 246 to increment the key tables and then
to the return block 240. In this manner, the sequential
key tables can be utilized and stepped through. In addi-
tion, a message can be displayed to indicate which key

table 1s governing the keyboard. If this is not the desired
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key table, the next table can be selected. If the select
mode is activated, the program proceeds from the deci-
sion block 244 along the “Y” path thereof to a function
block 248 to display a message. The message 1s a prompt
message which tells the operator to enter the desired
key table. The program then flows to a decision block
250 to determine whether or not the key is depressed.
Until the key is depressed, the program flows along the
“N” path thereof back to the input and, when the key 1s
depressed, the key flows along the *Y” path thereof to
the input of a function block 252 to select the desired
key table. The program then flows to the return block
240. |

In operation of the password mode, any given config-
uration of the key table can be protected. For exampile,
the desired application of the keyboard as defined by
the accessible keys can be inhibited with the exception
of an alphanumeric key pad section having digits from
0 to 9 1n addition to a mode key labeled *“Password”.
Therefore, the governing key table has all of the re-
maining accessible key locations nullified such that they
are either inactive or defined as Message keys to display
a message indicating their status. Upon depression of
the Password key, a message will be displayed such as
“Enter Password”. The user then enters a predeter-

-mined number of digits and, if it corresponds with the

prestored password, a key table is selected and the key-

board configured to allow access to all of the keys for
normal operation. In this manner, the keyboard is pro-
tected. |

In an alternate method of protection for the key-
board, there can be a number of levels of access depend-
ing upon the status of the password. For example, the
keyboard can be defined with three Password keys
disposed thereon and a number of other accessible key
locations. The first Password key is defined by the gov-
erning key table as a Password Mode key and the alpha-
numeric keys on an alphanumeric pad are defined as
such in the governing key table. The remaining two
Password keys are inactivated and will display some
form of message to indicate to the user that they are
inactive. Upon entry of the correct password after de-
pression of the first Password key, the keyboard is
reconfigured to define the second Password key as a
Password Mode key and still retain the remainder of the
keyboard inactive. A second user or the same user then
depresses the second Password key and inputs a second
password. Upon correlation of this second password
with a second prestored key location sequence, the
keyboard is again configured to define the third Pass-
word key as a Password Mode key with the remainder
access key locations still inactive. A third individual or
the same individual then -depresses the third Password
Mode key and inputs a third password. Upon correla-
tion of this third password with a third prestored key
location sequence, the keyboard is then activated to
allow normal operation with all of the accessible key.

In order to program in the key tables, message tables
and the sequences for both the password mode and the
sequence mode, 1t is necessary to connect the interface

‘module 90 to the development console 94. The develop-

ment console 94 can be a Televideo model number 910
unit which allows a programmer to interact with the
keyboard 10 to provide storage of key tables, mode
sequences and messages. In the present embodiment, the
interface module 90 has a mechanical switch or jumper
(not shown) which is utilized to put the keyboard 10 in
either the programming mode or the operating mode.
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However, this change of modes can be accomplished
with software. Upon entering the program mode, gen-
eral rules and instructions, which are stored in the mem-
ory of the keyboard 10, are displayed on the develop-
ment console 94. The programming is basically a series
of prompts supplied to the programmer to first define
the static keys and then the codes and then to define the
tables.

The state keys are the “predefined” keys which, once
defined, are not subject to change by the key tables.
These keys are the ACKNOWLEDGE key, the
CLEAR key, the RECALL key, and the DIAGNOS-

TIC key. For example, a programmer can define key

number 100 as the CLEAR key and, thereafter, the key

100 will always be the CLEAR key regardless of which
key table governs the operation of the keyboard.

The code keys are the RESET key, PAUSE key and
MESSAGE key, all of which are defined by a user
definable code. This user definable code is a code that 1s
above the ASCII range and is essentially a code which
is always associated with the particular function. For
example, if the reset code is defined by the user as the
output number 150, the occurrence of this code will
always output a reset function to the host computer 96
during operation of the keyboard 10. By defining the
reset function as a code rather than a key location, the
code can be imbedded in output messages, sequences,
etc. For example, the user can imbed the reset code into
a given message such as “HELP”, which message 1s
- provided to the host computer by the keyboard 10. This
" message is generated when help is required from the
" ‘host computer 96. The reset directly follows this mes-

sage and, upon recognition of the imbedded reset code
by the keyboard 10, a system reset is generated. In addi-
tion to imbedding the code, it can also be associated
with a particular one of the key locations, that 1s, the
code output by the selected key location is the code 150
_Wthh corresponds to the output of a reset function.

"~ The pause code is a code that outputs a system pause
and the message code is a code that selects a message
" from the message table for display on the display 16.
'For example, if the word “HELP” were transmitted to
the host computer 96 during operation thereof and this
word were followed by 4 particular message code, the
message corresponding to this message code would be
selected from the message table and displayed on the
display 16. This message could be a message such as
“Help Requested”.

After the static keys and codes are defined, the sys-
tem prompts the programmer to define the message
table. Initially, a format is displayed that explains to the
operator how the message table works. The operator 1s
then prompted as to whether he wishes to enter a mes-
sage. This is normally done with the entry of a “Y” or
an ‘“N” for yes or no, respectively. If the user enters a
“Y”, a prompt is displayed for the first message which
is given a number “0”. The programmer then types a
message of up to 80 characters into the display and then
presses “Enter”. This message is then stored in the mes-
sage table. The system then prompts for messages 1
through 255 until a null response is received from the
operator. When the operator 1s through entering mes-
sages, a message table is generated and stored in mem-
ory. Thereafter, when the message table 1s accessed, it 1s
only necessary to follow the message access code with
the particular message from O to 255 to display the
appropriate message on the display 16.
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After the message table has been input, the system
then prompts the programmer to input a mode table.
Initially, a format is displayed explaining the operation
of the mode table and then a prompt is supplied for a
mode ID. The mode ID is a function of a key sequence
followed by the selected one of the key tables. The
system will continue to prompt the operator until the
operator is through entering associtated key sequences
and key table numbers.

After the mode table has been entered, the system
then prompts the programmer to enter the various key
tables. In the present embodiment, up to 256 key tables
can be generated to define all of the key locations on the
keyboard. Initially, a format is displayed to the pro-
grammer explaining how the key table works and then
a prompt 1s supplied for the particular key table being
defined. The system then prompts the programmer to
enter a key number and then to define the nature of this
particular key. In entering a key number, there are a
number of methods that can be utilized. One method 1s
to actually put in a number from 0 to 155, thereby defin-
ing the key location. Another method is to physically
depress the desired key such that the system automat:—
cally “learns” the key location.

After the desired key has been selected, the nature of
the key is defined. This nature is, as described above,
either a special function or a standard function such as
an ASCII output. Initially, the system prompts for a
special function by displaying:

Enter Special Functions (L,M,R,S)

L=LED message generated when key pressed

M =Mode Key to start mode tabie sequence

R =Repeat function

S=Key sequence
Upon depression of the L key, prompts are provided for
the message number foillowed by entry of the message.
Upon depression of the M key, the mode ID 1s entered.
Upon depression of the R key, the repeat rate is entered
in 1/100 sec. increments and upon depression of the S
key, the key sequence combinations are entered.

If the selected key is not to be one of the special
functions, the output for ASCII operation 1s input to
define the nature of the key as an ASCII key. In addi-
tion to allowing a given key or key location to output a
single ASCII character, the key can also be defined to
output a series of ASCII characters with a code at-
tached thereto. For example, the ASCII characters for
the word “HELP” can be programmed into the nature
of the key and associated with a code for the reset func-
tion or the code for the display of a message on the
display 16. After either the key is defined as a special
function key or a standard function, the system prompts
for an additional key. If the table is complete, the pro-
gram terminates and the programming of the keyboard
10 1s complete.

In summary, there has been provided a reconfigura-
ble keyboard which includes a key panel having a plu-
rality of key switches contained therein. Each of the
key switches is selectively accessible such that all of the
keys do not have to be available for an operator. Each
of the keys on the keyboard is defined as a location and
an associated nature for each location. The nature of
each of these locations i1s defined in key tables. Each key
table that is stored in a memory is operable to define the
nature of all of the accessible keys on the keyboard.
This nature corresponds to a command that 1s output
from the keyboard to a host device in response to selec-
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- tion of the key. In addition to key tables, there is also
stored in the keyboard a message table. Each of the
~ messages in the message table can be associated with the
defined nature of the key in the key table such that
depression of the key and subsequent look up in the key
table results in display of the message on a display.
Although the preferred embodiment has been de-
scribed in detail, it should be understood that various
changes, substitutions, and alterations can be made
therein without departing from the spirit and scope of
the invention as defined by the appended claims.
What is claimed 1s: |
1. A reconfigurable keyboard for interface with a
host device, comprising: |
a keyboard matrix of predefined locations;
means for defining the function of each of said prede-
fined locations according to a matrix table;
key selection means for allowing an operator to select
at least one of said predefined locations and the
function associated therewith;
means for allowing the operator to physically select
ones of said predefined locations and for inhibiting
a function associated therewith from being carried
out;
means for altering said matrix table to redefine the
function of each of said predefined locations;
means for outputting command signals to the host
~device as a function of key selection and the func-
- tion associated therew1th as defined in said matrix
table; and
means for inhibiting access to ones of said predefined
locations by said selection means, said inhibit
means comprising a panel with an area having a
perimeter perforation overlying each said prede-
fined location, said area being adapted for removal
to thereby allow access to desired ones of said
predefined locations.
2. The reconfigurable keyboard of claim 1 further
including a first table defining the function of said pre-
defined locations, and wherein said means for altering is

“activated in response to the selection of one of said

predefined locations by said selection means as defined

- by said first table.

3. The reconfigurable keyboard of claim 1 and further
~comprising a plurality of matrix tables, each table of
sald plurality of matrix tables having a unique set of
values that defines the function of said predefined loca-

tions, said means for altering being operable to access
select ones of said matrix tables.

4. A reccnﬁgurable keyboard for 1nterfacmg with a
host device, comprising:
a grid of a plurality of predefined key locations;
- key means having a plurality of modifiable locations
associated with said key locations such that when
modified, selected said predefined key locations are
accessible;
location means for determining the relative lecatlon
of each of said key locations such that a selected
one of said key locations can be distinguished. from
the remaining key locations:; |
means for storing a plurality of key tables, each of
said key tables containing a unique set of informa-

tion to define the function of each of said key loca-
tions;
means for selecting one of said key tables to deﬁne the
function of each of said predefined key locations;
output means for outputting command signals to the
host device corresponding to the function of the
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selected one of said key locations as defined in the
selected one of said key tables, said command sig-
nals being compatible with the host device; and
means for inhibiting access to select ones of said pre-
defined key locations by covering said select ones
of said predefined key locations by panel with an
area having a perimeter perforation overlying each
- said select key location, said area being adapted for
removal to thereby allow access to desired ones of
said select key locations.
5. A reconﬁgurable keyboard for interfacing with a
host device, comprising:
a grid of a plurality of predefined key locations;
key means having a plurality of modifiable locations
associated with said key locations such that when
modified, selected said predefined key locations are
accessible:
location means for determining the relative location
of each of said key locations such that a selected
one of said key locations can be distinguished from
the remaining key locations;
- means for storing a plurality of key tables, each of
said key tables containing a unique set of informa-

tion to define the function of each of said key loca-
tions:;

means for selecting one of said key tables to define the
function of each of said predefined key locations;

output means for outputting command signals to the
host device corresponding to the function of the
selected one of said key locations as defined in the
selected one of said key tables, said command sig-
nals being compatible with the host device; and

means for allowing selection of ones of said key tables
according to a standard procedure;

inhibit means for inhibiting access to others of said

- key tables according to said standard procedure;

means for initiating a nonstandard access sequence;

means for storing a sequence of selected key locations
selected by said key means after said nonstandard
access sequence 1s initiated; |

counting means for counting the number of key loca-
tions selected in said nonstandard sequence;

means for comparing said stored nonstandard se-
quence with a predetermined pattern after a prede-
termined number of counts; and

means for overriding said lnhlblt means when a vahd
comparison is made.

6. The reconfigurable keyboard of claim 5 and further

comprising:

a single display on said keyboard for dlSplaymg tex-
tual messages;

means for storing a plurahty of messages and

means for displaying said plurality of messages on

- said display in response to the respective selections
of said predefined locations, said messages associ-
ated with the function of the selected key locations
as defined by the governing one of said key tables.

7. The reconfigurable keyboard of claim 5 and further

comprising:

a message table;

means for storing a plurality of textual messages In

~ said message table;

means for associating select ones of said messages
with key location information in said message table
such that the function of a select one of said key
locations, as defined in the governing one of said
key tables, corresponds to a select message in said
key table; and
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means for displaying the selected one of said mes-

sages.

8. The reconfigurable keyboard of Claim 5 wherein
said grid consists of a matrix that is comprised of a
plurality of x-conductors and a plurality of y-conduc-
tors, each of said key locations defined by a bridging
point between one of said x-conductors and one of said
y-conductors.

9. The reconfigurable keyboard of Claim 8 wherein
said location means comprises a decoder for outputting
a signal representative of the select one of said key
locations as defined by the connected one of satd x-con-
ductors and y-conductors.

10. The reconfigurable keyboard of Claim § wherein
said selecting means selects a different key table in re-
sponse to selection of one of said key locations by said
key means.

11. The reconfigurable keyboard of claim 5 wherein
said selecting means includes security means operative

10
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to select a different key table in response to selection of 20

a predetermined sequence of said key locations, which
sequence is not generally known.

12. The reconfigurable keyboard of claim 5 wherein
said selecting means comprises a central processing
unit.

13. A reconfigurable keyboard for interfacing with a
host device, comprising:

a grid of a plurality of predefined key locations;

key means having a plurality of modifiable locations

associated with said key locations such that when
modified, selected said predefined key locations are
accessible; |

location means for determining the relative location

of each of said key locations such that a selected
one of said key locations can be distinguished from
the remaining key locations;

means for storing a plurality of key tables, each of

said key tables containing a unique set of informa-
tion to define the function of each of said key loca-
tions;

means for selecting one of said key tables to define the

. function of each of said predefined key locations;

output means for outputting command signals to the

host device corresponding to the function of the
selected one of said key locations as defined in the
selected one of said key tables, said command sig-
nals being compatible with the host device;

key inhibit means for inhibiting said output means

when a select one of said key locations associated
with the governing one of said key tables is se-
lected such that the functions of the selected one of
said key locations is defined by said governing key
table 1s not output; and

means for overriding said ihibit means in response to

the selection of a sequence of key locations by said
key means after selection of the inhibited one of
said key locations.

14. The reconfigurable keyboard of claim 13 and
further comprising;:

means for storing said sequence of selected key loca-

tions after said inhibited key location 1s selected;
counting means for counting the number of key loca-
tions selected in said sequence;

means for comparing said stored sequence with the

predetermined pattern after a predetermined num-
ber of counts; and

means for overriding said inhibit means when a valid

comparison 1s made;
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the number of key locations in said sequence required
to provide a valid comparison with said predeter-
mined pattern less than the number of key locations
required to provide said predetermined number of
counts such that said sequence cannot be arrived at
iteratively.

~ 15. A reconfigurable keyboard, comprising:

a plurality of switches arranged in a matrix configura-
tion;

an overlay panel disposed over said plurality of
switches, said overlay panel having punch-out ap-
ertures therein for allowing access to a first group
of said switches, said first group comprised of se-
lect ones of said switches at predefined locations in
sald matrix;

a plurality of protective caps covering said switches
not within said first group for preventing the oper-
ation of the covered switches; and

key means for being connected to said first group of
switches and extending through said apertures 1n
said overlay panel in order to allow an operator
access to said access switches.

16. The keyboard of claim 15 wherein said overlay

panel comprises: -

an access grid for disposal over said switches, said
access grid having a plurality of orifices disposed
therein corresponding to each of said switches, said
orifices dimensioned to receive said protective
caps, said protective caps being coplanar with the
upper surface of said access grid when said protec-
tive caps cover nonaccessed ones of said switches;
and o

a layer of polycarbonate material disposed over said
access grid and said protective caps, the portion of
said polycarbonate layer proximate said orifices
and said access grid removable to allow access to
said protective caps covering the nonaccessed ones
of sard switches.

17. The keyboard apparatus of claim 16 wherein said
polycarbonate layer is adhesively attached to said ac-
cess grid and said protective caps such that removal of
said protective cap results in removal of the portion
covering the surface thereof and placement of said pro-
tective cap over one of said switches that is to be pro-
tected results in the removal of the portion of said poly-
carbonate layer being replaced to form a contiguous
surface. - |

18. The keyboard apparatus of Claim 16 wherein the
removable portion of said polycarbonate layer 1s de-
fined by border cuts that traverse the perimeter of the
ones of said orifices immediately below said removable
portion, said border cuts not extending entirely around
the perimeter such that a tab is formed that can be bro-
ken in order to remove said portion.

19. A reconfigurable keyboard for interfacing with
the command language of a host computer, comprising:

a switch matrix having a plurality of switch contacis,
each of said switch contacts having an activated
state and a deactivated state and disposed at prede-
termined locations in said matrix;

a planar reconfigurable access panel for allowing
access to select ones of said switch contacts and
inhibiting access to unselected ones of said switch
contacts;

key means associated with each of said accessed
switch contacts for activation thereof:

decoding means for determining the matrix location
of the activated ones of said switch contacts;
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storage means for storing a plurality of matrix tables,
. each of said matrix tables having contained therein
information as to the function of each accessible
one of said switch contacts 1n association with the
matrix location thereof such that selection of a
specific one of said switch contacts results in the
~ selection of the associated function;
‘means for selecting one of said matrix tables to define
the associated functions of said switch contacts as a
function of the matrix location thereof, said select-

ing means allowing for reconfiguation of the key-.

S

22

24. The reconfigurable keyboard of claim 19 wherein
said selecting means selects a different matrix table in
response to activation of one of said switch contacts by
satd key means wherein the selection of another matrix
table is a function defined in the one of said matrix tables

- defining the operation of said switch matrix.

10

board such that different matrix tables can be asso- -

ciated with satd switch contacts to define the func-
tions thereof; |
said access panel being reconfigurable in conjunction
with the selection of one of said matrix tables with-
out removal of said access panel to allow access to
- select others of said switch contacts; and
interface means for interfacing the keyboard with the
host computer by outputting command signals

corresponding to the command language of the

host computer in response to activation of a select
one of said matrix locations.

20. The reconfigurable keyboard of claim 19 wherein
said switch matrix comprises a plurality of first parallel
spaced apart conductors on one axis of a coordinate
system and a plurality of second parallel spaced apart
conductors on the second axis of the coordinate system,
satd switch contacts bridging between one of said first

and one of said second conductors upon activation
~ thereof.

21. The reconfigurable keyboard of claim 20 wherein:
- said switch contacts each comprise a plunger oper-
ated switch membrane and movable by said key
means, each of said membranes bridging between
one of said first and one of said second conductors
when said plunger is depressed by said key means;
and
sald access panel comprises:

a grid for disposal over said switch membrane
proximate an upper end of said plungers, said
grid having a plurality of orifices disposed
therein, each orifice associated with the plunger
for each of said switch membranes to allow said
key means to depress said plunger, and

-an overlay for disposal over the entire surface of

said grid and having a plurality of removable
tabs associated with each of the orifices in said
grid, each of said tabs selectively removable to
access the plunger of the assoctated one of said
switch membranes.

- 22. The reconfigurable keyboard of claim 21 wherein

sald key means comprises a key tab dimensioned to fit

through an opening formed in said overlay when said

removable portion 1s removed, and said key tab being

insertable through the orifice 1n said grid.

-~ 23. The reconﬁgurable keyboard of claim 19 and

- further comprising:

a message table;

means for storing a plurality of textual messages in
sald message table;

means for associating select ones of said messages
with functions stored in the selected one of said

matrix tables such that the function of a select one:

- of said switch contacts as defined in the selected
one of said matrix tables, corresponds to a select
message 1n said message table; and

. a display for displaying said selected message.
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25. The reconfigurable keyboard of claim 19 wherein
said selecting means comprises a central processing
unit.

26. A reconfigurable keyboard for interfacing with a
host device, comprising:

a grid of a plurality of predefined key locations;

said grid comprising a plane with a matrix of switch

slots, with a switch disposed in alignment with
each of said slots below the plane thereof, each of
sald switches mnterfaced with said location means

- such that activation of any of said switches is

sensed by said location means and the relatwe loca-
tion thereof determined;

key means having a plurality of modifiable locations

assoclated with said key locations such that when

modified, selected said predefined key locations are
accessible;

said key means comprising a plurahty of key tabs
each insertable into or removable from select ones
of said slots interfacing with the associated one of
said switches disposed 1n said switch slots, said key
tabs allowing actwatlon of select ones of said
switches;

location means for determining the relative location

of each of said key locations such that a selected
one of said key locations can be distinguished from
‘the remaining key locations;
‘means for storing a plurality of key tables, each of
‘said key tables containing a unique set of informa-
- tion to define the function of each of said key loca-
tions;
means for selecting one of said key tables to define the
function of each of said predefined key locations;
and ‘

output means for outputting command SIgnals to the

host device corresponding to the function of the
selected one of said key locations as defined in the
selected one of said key tables, said command sig-
nals being compatible with the host device.

27. The reconfigurable keyboard of claim 26 and
further comprising an overlay for disposal over said
matrix, said overlay having removable portions associ-
ated with each of said slots such that selected switches
can be accessed with one of said key tabs and the re-
maining one of said switches removed from view, said
key tabs insertable through an orifice defined by the
removal of said removable portion.

28. A method for reconfiguring a keyboard for inter-
face with the cemmand language of a host device, com-
prising:

disposing a plurality of key switches at predefined

locations on a grid, eacn of the key switches opera-
ble to provide a selectable key closure;
preventing the mechanical operation of desired ones
of said key switches;

- storing a plurality of key tables, each of the key tables
containing a unique set of information to define the
function of each key switch location; |

selecting one of the key tables to define the function

of the key switches on the grid which are mechani-
cally operable;
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preventing the carrying out of a function of a key
switch as desired times even though mechanically
operated;

determining the location of a key swiich that 1s se-
lected and operated by an operator; and

outputting a command signal to the host device cor-
responding to the function of the selected key
switch as defined by the selected one of the key
tables, the command signal defined in the com-
mand language of the host device.

29. The method of claim 28 and further comprising:

inhibiting the output of the function corresponding to
the function of the selected key switch; and

overriding the inhibited output in response to the 15
selection of the sequence of key switch locations
and the associated functions thereof after selection
of the inhibited key switch locations.

30. The method of claim 29 and further comprising:

storing the functions of the sequence of key switch
locations selected after selection of the inhibited
key switch location;

counting the number of key switch locations selected
in the sequence;

comparing the stored sequence with a predetermined
pattern after a predetermined number of counts;
and

overriding the inhibited output of the selected key
switch location after the predetermined number of 4,
counts if a valid comparison is made.

31. The method of claim 28 and further comprising;:

inhibiting access to select ones of the key tables while
allowing access to others of said key tables;

storing a sequence of selected key switch locations in 35
response to selection of an initiating key selection
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as defined by the function of the key switch loca-
tion in the governing one of the key tables;

counting the number of key switch locations selected
in the sequence;

comparing the stored sequence with a predetermined

pattern after a predetermined number of counts;
and

overriding the inhibited access when a valid compari-

son 1$ made.

32. The method of claim 28 wherein the step of select-
ing comprises selecting a different key table 1n response
to activation of a predetermined sequence of key
swtiches and the resulting sequence of key functions.

33. The method of claim 28 and further comprising:

storing a message;

retrieving the message from storage in response to

selection of one of the switches, the function asso-

ciated with the switch, as defined in the key table,

assoclated with the stored message; and
displaying the retrieved message.

34. The method of claim 28 and further comprising:

storing a plurality of messages in a message table;

associating select ones of the messages with key
switch location information in said key tables such
that the function of a key switch locations as de-
fined in the select one of said key tables corre-
sponds to a select message in the message table;

- retrieving a select message from storage upon selec-

tion of the associated key switch location; and

displaying the retrieved massage.

35. The method of claim 28 wherein the step of select-
ing one of the key tables comprises selecting a different
key table than the key table governing the function of
the key switches in response to activation of one of the

key switches.
: * L * L S ¥
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